Changes in the Diet of Lake Trout (Salvelinus namaycush) in Near-Shore Lake Michigan with the Invasion of the Round Goby (Neogobius melanostomus): 1995-2005 by Brey, Marybeth Kathryn
Eastern Illinois University
The Keep
Masters Theses Student Theses & Publications
2006
Changes in the Diet of Lake Trout (Salvelinus
namaycush) in Near-Shore Lake Michigan with the
Invasion of the Round Goby (Neogobius
melanostomus): 1995-2005
Marybeth Kathryn Brey
This research is a product of the graduate program in Biological Sciences at Eastern Illinois University. Find
out more about the program.
This is brought to you for free and open access by the Student Theses & Publications at The Keep. It has been accepted for inclusion in Masters Theses
by an authorized administrator of The Keep. For more information, please contact tabruns@eiu.edu.
Recommended Citation
Brey, Marybeth Kathryn, "Changes in the Diet of Lake Trout (Salvelinus namaycush) in Near-Shore Lake Michigan with the Invasion
of the Round Goby (Neogobius melanostomus): 1995-2005" (2006). Masters Theses. 720.
https://thekeep.eiu.edu/theses/720
*****US Copyright Notice***** 
No further reproduction or distribution of this copy 
is permitted by electronic transmission or any other 
means. 
The user should review the copyright notice on 
the following scanned image(s) contained in the 
original work from which this electronic copy was 
made. 
Section 108: United States Copyright Law 
The copyright law of the United States [Title 17, 
United States Code] governs the making of 
photocopies or other reproductions of copyrighted 
materials. 
Under certain conditions specified in the law, 
libraries and archives are authorized to furnish a 
photocopy or other reproduction. One of these 
specified conditions is that the reproduction is not to 
be used for any purpose other than private study, 
scholarship, or research. If a user makes a request 
for, or later uses, a photocopy or reproduction for 
purposes in excess of "fair use," that use may be 
liable for copyright infringement. 
This institution reserves the right to refuse to 
accept a copying order if, in its judgment, fulfillment 
of the order would involve violation of copyright law. 
No further reproduction and distribution of this copy is 
permitted by transmission or any other means. 
THESIS REPRODUCTION CERTIFICATE 
Graduate Degree Candidates (who have written formal theses) 
ECT: Permission to Reproduce Theses 
University Library is receiving a number of request from other institutions asking permission to reproduce dissertations for 
in their library holdings. Although no copyright laws are involved, we feel that professional courtesy demands that 
be obtained from the author before we allow these to be copied. 
SIGN ONE OF THE FOLLOWING STATEMENTS: 
Library of Eastern Illinois University has my permission to lend my thesis to a reputable college or university for the purpose 
copying it for inclusion in that institution's library or research holdings. 
7- !2-{JG 
Date 
respectfully request Booth Library of Eastern Illinois University NOT allow my thesis to be reproduced because: 
Signature Date 
is form must be submitted in duplicate. 
7116/2006 
CHANGES IN THE DIET OF LAKE TROUT (SAL VELINUS NAMA YCUSH) IN 
NEAR-SHORE LAKE MICHIGAN WITH THE INVASION OF THE ROUND 
GOBY (NEOGOBIUS MELANOSTOMUS): 1995-2005 
BY 
MARYBETH KATHRYN BREY 
THESIS 
SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR 
THE DEGREE OF 
MASTER OF SCIENCE IN BIOLOGICAL SCIENCES 
IN THE GRADUATE SCHOOL, EASTERN ILLINOIS UNIVERSITY 
CHARLESTON, ILLINOIS 
2006 
I HEREBY RECOMMEND THAT THIS THESIS BE ACCEPTED AS 
FULFILLING THIS PART OF THE GRADUATE DEGREE CITED ABOVE 
Ac~~ 
THESIS DIRECTOR 
atJU)M_J ):21JtJLVf!tt_) 
DEPARTMENT/SCHOOL HEAD 
TABLE OF CONTENTS 
ABSTRACT ........................................................................................... .i 
ACKNOWLEDGEMENTS ........................................................................ .iii 
LIST OF TABLES ................................................................................... .iv 
LIST OF FIGURES ................................................................................... v 
INTRODUCTION ..................................................................................... 1 
METHODS ............................................................................................. 6 
Study sites .................................................................................... 6 
Field sampling ................................................................................ 6 
Stomach processing ......................................................................... 8 
Calculations ................................................................................... 8 
Statistical analysis .......................................................................... 11 
RESULTS ............................................................................................. 15 
Tables and figures .......................................................................... 20 
DISCUSSION ........................................................................................ 44 
Feeding intensity ........................................................................... 44 
Changes in lake trout diet ................................................................. .45 
Round gobies in lake trout diets ......................................................... .48 
Outcomes of a changing diet. ............................................................. 51 
Management implications ................................................................. 53 
LITERATURE CITED ............................................................................. 55 
+ --~--0--~-~-~~----------------------------______.. 
ABSTRACT 
The predator-prey base of the Great Lakes has been altered since the early 1900's, 
with the majority of these changes occurring due to invasive species such as the sea 
lamprey (Petromyzon marin us), alewife (A los a pseudoharangus ), and rainbow smelt 
(Osmerus mordax). These changes have forced large piscivorous fish to find alternate 
prey species. One predator, the lake trout (Salvelinus namaychush) has experienced a 
series of diet shifts in the last century, due to a changing prey base. In recent years the 
Great Lakes, particularly Lake Michigan has experience a new invader, the round goby 
(Neogobius melanostomus), which has colonized the near shore habitat of the entire lake. 
Knowing that the round goby possesses characteristics of a successful invader and 
has established itself throughout Lake Michigan, and that lake trout have a history of diet 
shifts caused by changes in the prey base of Lake Michigan, this study was designed to 
determine if round gobies have been incorporated into the diets of lake trout since their 
initial invasion. In particular our objectives were to 1) determine if overall diet 
assemblages changed spatially or temporally in lake trout diets in Lake Michigan, 2) 
document when round gobies were first incorporated into lake trout diets in Lake 
Michigan, and 3) determine of what importance round gobies were in relation to other 
prey items in Lake Michigan lake trout diets. 
Lake trout began incorporating this newly abundant prey species in their diets in 
all regions of the lake in 2000. Indices of relative importance (%IRI) which incorporate 
%occurrence,% weight and% number, were placed in a multi-dimensional scaling 
program to ascertain observable patterns between prey importance values throughout the 
lake. ANOSIM (Analysis of Similarity) showed that prey composition of lake trout has 
been relatively consistent over the last ten-years over the entire lake with alewife 
composing the majority of lake trout diets. Other species of importance included rainbow 
smelt, bloater chub, round gobies, and sculpin. However, in 2004 and 2005, in the 
Southeast and East regions of the lake, prey assemblage in lake trout diets changed with 
traditional prey species such as alewife and rainbow smelt being replaced in high 
proportions by round gobies, sculpin, trout perch and various shiners. 
Changes in the prey fish community have had and continue to have profound 
effects on the diets of lake trout. These initial lake-wide observations provide baseline 
measures regarding foraging shifts that have occurred in the last ten years. Subsequent 
diet observations combined with bioenergetics modeling will determine the influence that 
shifts in prey assemblages are predicted to have on growth and survival of lake trout 
populations in Lake Michigan. 
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INTRODUCTION 
Historical estimates place the Lauretian Great Lakes as one of the most productive 
aquatic systems in the world, with naturally reproducing populations of lake trout 
(Salvelinus namaycush), burbot (Lata Iota), lake sturgeon (Acipenser fulvescens) and 
yellow perch (Percaflavescens) dominating the predatory fish base of the lakes. This 
native system was long lived, but changed rapidly as habitat modifications, 
eutrophication, and the introduction of invasive species began to plague the lakes around 
the 1900s. One predator, the lake trout, has experienced many negative effects from 
recent changes that have occurred in the Great Lakes ecosystem. Lake trout once were 
naturally reproducing and very abundant; however, throughout the Great Lakes, 
populations collapsed in the 1940's and 1950's due to heavy sea lamprey (Petromyzon 
marinus) predation and increased fishing pressures (Holey et al. 1995, Miller and Holey 
1992). Lake Superior's lake trout population has since recovered from this collapse to 
levels capable of sustaining substantial natural reproduction (Christie 1974). 
In the 1960's, multiple state agencies and federal organizations began to invest 
money into reestablishing lake trout populations by stocking fry and fingerlings in all of 
the Great Lakes, with the expectation of reestablishing self-sustaining lake trout 
populations. Current efforts in lakes Erie, Huron, Ontario and Michigan have still proven 
unsuccessful due mostly to continuing sea lamprey predation and to a lesser extent, 
fishing pressures on the lake trout fishery (Coble et a1.1990). Even though recent efforts 
have been unsuccessful; attempts still continue to develop and maintain self-sustaining 
lake trout populations using a variety of stocking programs targeting offshore areas and 
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refuges. Since the inception of lake trout stocking, over 10 million lake trout have been 
stocked each year into Lake Michigan alone (Stewart and Ibarra 1991). 
Like many other aquatic systems throughout the world, the Laurentian Great 
Lakes have gone through extensive biotic invasions. The majority of these invasions have 
occurred via two methods: accidental release, such as the release of aquarium pets or 
release of ballast water from trans-oceanic freighters; and deliberate release by humans, 
such as the stocking ofPacific salmon (Oncorhynchus sp.) for establishment of a sport 
fishery (Mills et al. 1993). Introductions to the Great Lakes have included numerous plant 
and animal species since the 1800's, but the majority of these introductions have occurred 
since 1970 (Madenjian et al. 2002). Introductions into the Great Lakes watershed in the 
last 35 years have included fish species such as the alewife (Alsoa pseudoharangus), 
common carp (Cyprinus carpio), rainbow smelt (Osmerus mordax), and the round goby 
(Neogobius melanostomus), invertebrates such as the spiny water flea (Bythotrephes 
cederstroemi), and aquatic plants such as Eurasian water milfoil (Myriophyllum 
spicatum) (Mills et al., 1993). 
These introductions not only changed population and community structure of the 
Great Lakes, but the prey base and the food web dynamics as well (Madenjian et al. 
2002, Christie 1974, Stewart, et al. 1981, Jude and Tesar 1985, Smith 1968). With these 
introductions and shifts in diversity and composition of plant and animal species of the 
lakes, predatory fish, specifically lake trout, have consequently been forced to change 
their prey base accordingly (Stewart et al.l981). Prior to the 1900's, the prey base in 
Lake Michigan was composed primarily of 11 species of native planktivorous 
coregonids, most notably the blackfin cisco (Coregonus nigripinnis), bloater chub (C. 
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hoyi), kiyi (C. kiyi), lake herring (C. artedii) and deepwater cisco (C.johannae), all of 
which were consumed by lake trout (Van Oosten and Deason 1938). Other significant 
prey species included four sculpin species (Cottus spp.), trout perch (Percopsis 
omiscomaycus), nine-spine sticklebacks (Pungitius pungitius), and various cyprinid 
minnows (Christie 1974). 
The first major shift in the prey base occurred when rainbow smelt and alewife 
entered Lake Michigan. Rainbow smelt were introduced into inland Crystal Lake, 
Michigan in 1912, as food for salmon, and subsequently invaded Lake Michigan in 1923. 
This population grew to levels capable of sustaining a smelt fishery in Lake Michigan by 
1931 (Christie 197 4). With this population increase there was increased competition 
between rainbow smelt and species with similar habitats, particularly the once plentiful 
lake herring (Emery 1985). Around this same time another planktivorous fish, the 
alewife, was being introduced to Lake Michigan, however the exact origin of this 
introduction is still undetermined (Miller 1957). Possible origins link alewife to stocks 
from the St. Lawrence River or the Finger Lakes ofNew York state (Smith 1970). During 
these invasions the prey base was still quite diverse, with rainbow smelt, alewife, lake 
herring, and yellow perch making up the diets of top predators in Lake Michigan. 
A second major shift started during the 1960's when traditional prey species were 
nearly absent and rainbow smelt and alewife comprised the majority of the mass in the 
diets oflake trout in Lake Michigan (Miller and Holey 1992). By the 1970's and 1980's 
alewife comprised the majority of biomass in lake trout diets, making up as much as 79% 
of the diet by weight (Stewart and Ibarra 1991; Jude et al 1987). Furthermore, Eck and 
Wells (1986) estimated that alewife comprised over 80% oflake trout diets in fish over 
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the age of 5 during the early 1980's in the southeastern and southwestern portions of the 
lake. However, following the large boom in alewife biomass in Lake Michigan in the 
1970's, there was a drastic decline in the alewife population in the mid-1980's that was 
coupled with an increase in the biomass of bloater chubs and yellow perch in the lake 
(Jude and Tesar 1985). These changes were reflected in the diets of salmonids (Elliot 
1993). Even with the variations in alewife biomass since their introduction, alewife still 
have contributed significantly to the prey base of Lake Michigan for the last 35 years 
(Madenjian et al., 2005). Changes in the prey base from 1930-1970 not only altered 
major predator and prey species abundances, but also caused decreases in abundance of 
less abundant species including the emerald shiner, trout perch and spottail shiner due, in 
part, to competition, food availability and egg predation (Crowder 1980). 
Currently, Lake Michigan may be in the midst of yet another shift in the prey base 
with the introduction of the round goby (Neogobius melanostomus) and the possible 
incorporation of the goby into the diet oflake trout. Round gobies entered the Great 
Lakes watershed by way of ballast water from trans-oceanic freighters through the St. 
Clair River in 1990 (Jude et al. 1992; Mills et al. 1993). In Lake Michigan, gobies were 
first found in Calumet Harbor, IL and Hammond Marina, IN in 1994 (Charlebois et al 
1997). In Michigan waters of Lake Michigan, round gobies were collected initially in 
abundance in bottom trawling surveys conducted by the Michigan Department of Natural 
Resources near Grand Haven, MI in August of 1997. Gobies have since expanded their 
range and abundance and now are observed throughout all of Lake Michigan and the 
entire Great Lakes system (Clapp et al. 2001), with the highest densities nearest the initial 
site of invasion (Ray and Corkum 2001). 
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The physiological and life history characteristics of high tolerance to temperature 
variations, early maturation with multiple spawning periods and rapid growth rates have 
facilitated establishment of round gobies in the Great Lakes (Charlebois et al. 1997; 
Kolar and Lodge 2002, Jude et al. 1992). Round gobies have been shown to successfully 
out-compete native species of similar size, such as the native mottled sculpin, for habitat, 
food resources, and spawning areas (Janssen and Jude 2001). As in their native regions, 
gobies first colonize in rocky, gravely substrate where they can easily spawn and use 
their fused pelvic fin to adhere to the bottom. In their native areas, gobies tend to inhabit 
depths of 5-30 meters, but have been observed at depths up to 60-m (Charlebois et al, 
1997). However, in Lake Michigan and Lake Ontario round gobies have been observed at 
depths greater than 150-m (C. Diana, personal communication). Gobies tend to inhabit 
near-shore areas during the months of spring and summer, but tend to move to deeper 
water in the winter and fall months (Charlebois et al, 1997). 
It is known that the round go by possesses characteristics of a successful invader 
and that it became established throughout Lake Michigan, and that lake trout have a 
history of diet shifts caused by changes in the prey base of Lake Michigan. Therefore, 
this study was designed to determine if round gobies have been being incorporated into 
the diets oflake trout since their initial invasion. In particular my objectives were to 1) 
determine if overall diet assemblages have changed spatially and temporally in lake trout 
diets in Lake Michigan, 2) document when round gobies were first incorporated into lake 
trout diets in Lake Michigan, and 3) determine of what importance round gobies were in 
relation to other prey items in Lake Michigan lake trout diets. 
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METHODS 
Study sites 
Lake trout stomachs were collected from the entire eastern near-shore zone of 
Lake Michigan from Leland in the north to New Buffalo in the south (incorporating the 
Michigan lake trout management districts ofMM-5, MM-6, MM-7, and MM-8), and the 
far southwest area of the lake incorporating the ports of Waukegan, IL and Chicago, IL 
(Fig. 1 ). Lake trout do move some distance in the lake, but usually restrict movements to 
a relatively concentrated area (Schmalz et al. 2002). Therefore, sampling areas of Lake 
Michigan were divided into four distinct regions based on geomorphology of the lake, 
lake trout movement patterns (Schmalz et al 2002, Rybicki 1990), and management 
districts (Elliot et al. 1996). The four regions are: the NORTHEAST region which 
extends from Leland to Arcadia (MI), the EAST region extending from Arcadia to 
Holland (MI), the SOUTHEAST region which extends from Holland to New Buffalo 
(MI), and the SOUTHWEST region incorporating the Illinois ports of Waukegan and 
Chicago (Figure 1). The Wisconsin Department ofNatural Resources discontinued 
sampling lake trout diets in the early 1990's; therefore there were no comparable data for 
the western shore of Lake Michigan. 
Field sampling 
The Michigan and Illinois Departments ofNatural Resources have been 
conducting annual gill net surveys of Lake Michigan fish communities since 1995 with 
the objective of assessing Lake Michigan predatory fish communities in a "coordinated, 
collaborative, and standardized fashion," (Schneeberger et al. 1995). Part of this 
6 
assessment included the sampling oflake trout throughout the near-shore zone of the lake 
over the past 1 0 years. 
Lake-wide sampling for Lake Michigan salmonine fish were conducted every 
spring in the Michigan and Illinois waters of Lake Michigan (1 April-31 May) from 
1995-2005, originating from four sampling locations throughout the lake (Schneeberger 
et al. 1995). The Michigan DNR sampled from 1996-2005, with no samples being taken 
in 2002. The Illinois DNR sampled from 1995-2005 with no samples being taken in 1996 
or 2003. During the spring sample period, the water column was not yet stratified and 
bottom temperatures were above 4°C (39°F). To sample these sites, bottom, suspended, 
and surface gill nets were set for a 24-hour period. Gill nets were comprised of graded 
mesh (64-152 mm; 8-mesh sizes; 33-m length panels per mesh) that were 2-m deep by 
488-m in length. Nets were set at three depth strata (15-30 m, 31-45 m, and 46-60 m) 
from sample points originating from each of 5 ports (Saugatuck, Arcadia and Leland in 
Michigan waters, and Waukegan and Chicago in Illinois waters) (Fig. 1). A total of six 
nets were set from each port of origin for a period of 24-hours unless weather was not 
accommodating. Over the course often years, the four areas of Lake Michigan near-shore 
predatory fish communities were sampled using randomly derived transects in each of the 
four regions. Depths of sampling sites ranged from the surface to approximately 350-m 
for all years and regions of Lake Michigan. Average maximum "fishing" depth was 167-
m (±80-m) for all years and regions of the lake. 
From 1996-1999, stomachs were collected from all lake trout caught in all gill 
nets. From 2000-2005, sub-sampling occurred in order to minimize the invasive nature of 
collecting and sacrificing large numbers of lake trout, and stomachs were taken from a 
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maximum of ten lake trout per 200-mm size class per sample site per day ( <200mm, 200-
399mm, 400-599mm, 600-799mm and 2:800mm). Stomachs were placed individually in 
labeled plastic bags and frozen upon return to the lab. All lake trout caught during 
sampling periods had total length (to the nearest mm), weight (to the nearest gram), sex, 
and maturity determined (Elliot et al. 1996; Schneeberger et al. 1995). 
Stomach processing 
The Michigan and Illinois Departments ofNatural Resources retained stomachs 
intact until I obtained these stomachs for analysis beginning in 2003. To determine diets 
of previously collected lake trout, stomachs were thawed, cut down the length, and the 
contents removed. During stomi"ch content analysis, individual prey items were all 
identified to species from vertebral formations according to Elliot et al. (1996) with the 
exception of Cottus species, which were all grouped together into one "sculpin" category. 
The mass of each individual prey item was determined to the nearest 0.1g (wet weight) to 
obtain a total mass of prey per lake trout stomach. Species that were unidentifiable by 
the remains present were categorized as "other" fish species. Unidentifiable species made 
up less than 1% of the total mass of the stomach contents. Each individual prey species 
was either directly measured for total length, when available or total length was 
determined empirically based on vertebral column length or length of a known number of 
vertebrae, or converted to total length using standard conversion formulae for Lake 
Michigan prey fish (Elliot et al. 1996). 
Calculations 
An index of fullness was calculated for each fish, and then calculated for each 
region and year in each region. The index of fullness was calculated as, 
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index of fullness = total mass of stomach contents (g) 
total mass of lake trout (g) 
Variations by year and region from this mean can indicate differential feeding intensities 
throughout the lake. These indices are also used to indicate differences in diel rhythms of 
feeding patterns (Man and Hodgkiss 1977). For the purposes of this study, indices of 
fullness and percent empty stomachs were used to give a quantitative measure of prey 
availablity, and predator consumption rates (Hyslop 1980). A Univariate Analysis of 
Variance (ANOVA) was used with a Games-Howell post hoc test, assuming unequal 
variances, due to low sample size, to distinguish differences between indices of fullness 
between years within regions, and between overall fullness means between regions. Lake 
trout size classes were grouped due to the low sample size for each size class. 
There are multiple ways of assessing fish diets. For this study, I was interested in 
estimating the diet of lake trout sampled from Lake Michigan as well as a determine 
when round gobies first appeared in lake trout diets and at what abundances they 
occurred within the diet. To answer these questions fish were grouped according to year, 
region and size for the spring sampling period. Then, three separate proportions (% 
Number (%N), %Mass (%M), and %Occurrence (%0)) were calculated for each region 
of the lake (North, Northeast, East, Southeast, and Southwest), each year (1995-2005) 
and for each lake trout size class (<400-mm, 400-599-mm, 600-799-mm and 800+-mm). 
The three proportions calculated included a percent by number (%N) calculated 
as: 
n 
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where Ni is the total number of prey taxa found in i comparison units, a percent by mass 
(%M), calculated as: 
n 
where Mi was the total wet weight (g) in i comparison units, and a percent of occurrence 
(%0) calculated as: 
where Oi is the number of lake trout stomachs containing prey i in a comparison 
unit (Liao et al. 2001, 2002). 
These three (%N, %M, and %0) proportions are often assessed independently of 
one another, but doing this may increase variance in prey data, so using a proportion that 
incorporates all three proportions downplays the weight of one individual proportion. 
Therefore, each year, region and size combination constituted one comparison unit in the 
final index of relative importance (see below) (Liao et al. 2001, 2002; Cortes 1997). 
From these proportions, an Index of Relative hnportance (IRI) as well as a percent Index 
of Relative Importance (%IR1) was calculated in order to describe the importance of all 
potential prey items in comparable units by incorporating number, mass, and occurrence 
of prey items. By using a single measure, such as mass, an overestimation of the 
importance of a single, dense prey items may occur. By using a single measure, such as 
percent by number, an overestimation of very small, less dense prey, such as 
invertebrates, may also occur (Hyslop 1980). Therefore I calculated an IRl as follows: 
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IRli = %0i * (%Mi + %Ni) 
%IRli = 100 * IRlt 
n 
:L IRii 
i=l 
where IRli is the value ofiRI for prey i in a comparison unit (Liao et al. 2001, 2002; 
Cortes 1997). The %IRI values were then transformed using a square root transformation 
in order to down-weight abundant prey items prior to analysis. 
Statistical Analysis 
Since the raw data collected in this study on prey fish in lake trout diets had high 
variance with non normal distributions (Liao et al. 2001) the use of parametric statistics 
would overemphasize prey species differences that were not relevant to the overall lake 
trout diet changes over the ten-year period (Liao et al. 2001). Therefore a multivariate 
approach to explore differences in lake trout diets between regions, years and lake trout 
size classes was used, utilizing% IRl as the units of comparison for each prey type in 
lake trout diets. 
The multivariate approach first calculates a similarity matrix using the percent IRl 
values to compare pair-wise similarities in comparison units using the Bray-Curtis 
similarity coefficient (Liao et al. 2002). The similarity matrix then was used to perform 
ordination by multidimensional scaling (MDS) using PRIMER 6.1.6 (Clarke and 
Warwick 2001). MDS takes the similarity matrix and distinguishes differences in spatial 
positioning between samples. For example, each year, region, lake trout size combination 
was compared to every other year, region, and lake trout size. In order to statistically test 
observed trends in % IRl values or the importance of various prey species in lake trout 
diets, an analysis of similarity (ANOSIM) was used as a non-parametric randomization 
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approach that is generally comparable to a Univariate ANOVA, to distinguish differences 
between IRI similarities by years and regions (Clark and Warwick 2001). All 
significance levels were set at p= 0.05. 
Next, a step-wise biota and/or environmental matching routine (BVSTEP) was 
performed to determine if a limited subset of prey species could generate similar results 
as the original MDS ordination. The BVSTEP routine is comparable to a step-wise 
regression, which first fits the prey species with the strongest relationships to each other, 
then adds in the prey species with the next strongest relationship until all species have 
been added (Clarke and Warwick 1994). This BVSTEP routine tested for redundancy in 
the prey fish data set by determining if a limited subset of species could produce the same 
MDS pattern using 50 restarts (Clarke and Warwick 1998). Finally, "bubble" plots were 
constructed for each influential prey species, as determined by the BVSTEP, and then 
superimposed on the original MDS to distinguish influential taxa to the regional and 
yearly differences. 
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Figure 1. Lake Michigan map outlining the four regions used for assessing lake trout 
diet from 1995-2005: Northeast, East, Southeast and Southwest. Sampling 
ports for the Lake Michigan Technical Committee are indicated by stars: 
Leland, Arcadia, Saugatuck, and Waukegan. Over the course of the 10-year 
period, sampling was conducted over all highlighted areas and all labeled 
ports. 
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RESULTS 
A total of2,240 lake trout stomachs, from all four regions ofthe lake (Northeast, 
East, Southeast and Southwest), were examined from 1995-2005. Two-hundred and 
eighty-four were examined from the Northeast, 407 stomachs from the East, 839 
stomachs from the Southeast, and 710 from the Southwest (Table 1). In all, seventeen 
different prey fish species were identified of which the most common were: alewife 
(Alosa pseudoharangus), bloater (Coregonus hoyi), rainbow smelt (Osmerus mordax), 
deepwater and slimy sculpin (Cottus spp.), and round goby (Neogobius melanostomus). 
Less abundant species also were identified and grouped into an "other" category with the 
small amount ofunidentifiable remains. These included: Chinook salmon (Oncharynchus 
tshawytshaw), Johnny darter (Etheostoma nigrum), lake whitefish (Coregonis 
clupeaformis), spottail shiner (Notropis hudsonius), common shiner (Luxilus cornutus), 
sand shiner (Notropis ludibundus), three-spine stickleback (Gasterosteus aculeatus), 
nine-spine stickleback (Pungitius pungitius), trout perch (Percopsis omiscomaycus), 
white bass (Marone crysops), and yellow perch (Percajlavescens). Invertebrates, mostly 
dreissenid mussels, and other materials such as plant matter and rocks also were 
identified, but played an insignificant role in the mass of stomach contents. 
The presence of round gobies in the diets of lake trout was observed in all regions 
of the lake excluding the Southwest region in the year 2000. General trends in round 
goby presence showed limited and inconsistent numbers in lake trout diets from 2000 
until 2004. In the Southwest, round gobies were observed initially in lake trout stomachs 
in 2002 when they were found in 3% of stomachs (n = 62) and then not again until 2005 
when they were observed in 7.6% of stomachs (n = 65). In the Northeast region, one 
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round go by (n = 21) was found in a lake trout stomach in 2000 and one was observed in a 
lake trout stomach in 2003 (n = 25). In the East region of Lake Michigan round gobies 
were observed in seven lake trout stomachs from 2000-2005. The Southeast region had 
the greatest biomass of gobies in the diet even though round gobies were observed in 
limited numbers in 2000, 2003, and 2004. By 2005, in the Southeast region 22 of 59 lake 
trout consumed a total of 84 round gobies with an average total length of 1 03.12-mm. 
The overall index of fullness for all years and regions was 1.33% (1.32% in the 
Northeast, 1.13% in the East, 1.35% in the Southeast, and 1.56% in the Southwest). 
Deviations from the average were observed most prominently in the Northeast in 2004 
and 2005 and in the East and Southwest regions in 2004, when indices of fullness 
dropped to below 0.9% (Table 1). However, the ANOVA showed significant overall 
differences (F= 3.158, df=2238, p=O.OOO, R2=0.048) as well as differences for year 
(F=3.367, df=10, p= 0.000), region (F=4.833, df=4, p=O.OOI) and the interaction of 
between year and region (F=l.90, df=21, p=0.008) The Games-Howell post hoc test 
(assuming unequal variances) revealed that the East region was significantly different in 
overall fullness values from the Southwest region (p=0.001). The only region that had 
consistent index of fullness values for all sampled years was the Southeast. All other 
regions had variation in their fullness values over the sampling period (Fig. 2). 
Overall indices of relative importance (%IRI) for all prey species were assessed 
for general spatial and temporal trends (Table 1 ). General trends in % IRis showed 
alewife as the primary prey species of importance for all years and all regions between 
1996 and 2003, having relative importance values over 87%. However, in 1995 the 
Southwest region of the lake, experienced lower alewife importance values than those 
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observed in subsequent years (75.88% IRI). With a lower alewife %1Rl was an increase 
in rainbow smelt (17.73% IRI) and sculpin (5.87% IRI) (Fig. 3). 
However, the largest divergence from alewife as the primary important prey 
species for lake trout occurred in 2004 and 2005 in the East and Southeast regions of the 
lake (Figs 4 and 5). Importance values for alewife dropped to 44% and 65% for 2004 and 
2005, respectively, in the East, and 47% and 1.5% in the Southeast, respectively. 
Replacing alewife in the East during this time were various shiners, darters, trout perch, 
and round gobies in 2004, and sculpin in 2005 (Fig. 4). In the Southeast in 2004 (N=8), 
the marked decline in alewife in lake trout diets was observed in combination with an 
increase in the importance of sculpin (17.76% IRI) and other species (22.29% IRI), 
mostly shiners, trout perch and yellow perch. By 2005 (n =59), round gobies made up 
the majority oflake trout diets in the southeast region of the lake (49.79% IRI) with 
rainbow smelt (21.38% IRI) and sculpin (19.58% IRI) increasing in importance as well 
(Figure 5). 
The results observed on the MDS plot, when all size classes were analyzed 
together, showed three visual groupings determined by the %IRI values (Figure 7). In 
order to test differences in diet composition by size class, lake trout were grouped into 
four age classes: <400-mm, 400-599-mm, 600-799-mm and 800+-mm as defined by 
Elliot et al. (1996), and prey composition was summed for all fish in one size class. 
Percent IRl values were tested for significance between diets in each length category for 
the five most prominent prey species as determined by high IRl values for an extended 
time during the sampling period. An ANOSIM did not reveal any significance between 
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diets of different size classes oflake trout (Fig. 8). (Global R: 0.038; p=0.064). Therefore, 
in further analysis, data were grouped with no separation into size class. 
In order to determine if these groupings observed in the original MDS were based 
on regional or yearly similarities an ANOSIM, was run. The ANOSIM for region was 
not significant (p= 0.432) indicating the pattern observed in the MDS was not due to 
regional changes alone. Next, in order to see if years were significant an ANOSIM was 
run on year. This revealed significant differences between samples over years (p=0.0015, 
Fig. 1 0). In order to distinguish where differences were between years, an ANOSIM was 
run for all year, region, and lake trout size class combinations (for example: Northeast 
fish in 1999 under 400mm). These region, year, size class combinations revealed 
significant differences between percent IRis for the bottom grouping of samples in the 
MDS plot (p=O.OOOl, Fig. 11). This grouping contained samples from the Southeast and 
East regions of the lake for the years 2004 and 2005 along with one sample from the 
Northeast in 2005, and one sample in the Southwest from 2005. Overall, the bottom 
grouping on the MDS ordination, containing prey data from the years 2004 and 2005 
mainly from the Southeast and East regions of the lake was significantly different from 
the large upper group on the original MDS ordination (p<0.05). 
In order to determine the species most influential in creating the original MDS, a 
BVSTEP routine was utilized. The BVSTEP routine illustrated the importance of alewife 
to lake trout diets by singling alewife out as the only important taxa in creating the 
ordination matrix (Corr.= 0.983). However, when alewife were not of primary 
importance to diets (having high %IRI values), four other species were shown to be 
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important taxa in creating the ordination matrix according to the BVSTEP routine. Those 
species included sculpin, bloater, rainbow smelt and round gobies (Corr.= 0.951 ). 
The three apparent grouping on the MDS plot however were not purely associated 
with overall specific region and year delineations. Groupings are more associated with 
the amount and type of prey species in lake trout diets. When bubble plots indicating 
magnitude of importance values for each species were overlaid on the existing MDS 
general trends for each distinct group were observed (Figure 12). The largest grouping in 
the MDS ordination had high levels of alewife, signifying similar diet assemblages for 
most years and most regions of the lake, whereas the regions and years that were 
significantly different, as revealed by the ANOSIM, had higher round gobies and sculpin 
in the diets of lake trout. 
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TABLE 1. Sample size, mean index of fullness, and percent index of relative importance for the major prey species in four regions 
ofLake Michigan (Northeast, East, Southeast, and Southwest) for 1995-2005. "Other" species included all other 
species of fish found in lake trout stomachs. 
NORTHEAST 
-------
Mean Index of Rainbow Sculpin Bloater Round 
YEAR Number Fullness Alewife smelt spp. chub Go by Invertebrates Other 
1996 
1997 
1998 
1999 83 1.39% 93.52% 6.48% 
2000 21 1.75% 87.21% 12.40% -- 0.25% 0.13% 
2001 77 1.56% 99.89% 0.04% 0.01% -- -- -- 0.06% 
2003 26 1.63% 99.82% -- -- -- 0.12% 0.01% 0.05% 
2004 49 0.88% 99.85% 0.11% 0.01% -- -- 0.02% 0.01% 
N 2005 28 0.71% 97.22% 2.35% 0.01% --
-- 0.05% 0.37% 0 
EAST 
Mean Index of Rainbow Sculpin Bloater Round 
YEAR Number Fullness Alewife smelt spp. chub Go by Invertebrates Other 
1996 43 0.84% 97.96% 1.95% -- -- -- 0.07% 0.02% 
1997 117 1.08% 99.67% 0.12% 0.13% 0.06% -- -- 0.01% 
1998 56 0.96% 98.58% -- 0.01% 0.54% -- 0.79% 0.07% 
1999 44 1.21% 98.90% 1.08% 0.01% -- -- -- 0.01% 
2000 30 1.48% 90.70% 9.13% 0.09% -- -- -- 0.08% 
2001 55 1.53% 99.41% 0.01% 0.10% 0.42% 0.05% 0.02% 0.00% 
2003 25 1.32% 97.83% 0.22% 1.87% -- 0.05% -- 0.02% 
2004 16 0.73% 43.96% 5.05% 0.45% 2.10% 9.20% 0.29% 38.95% 
2005 21 0.99% 65.04% 1.91% 32.04% 0.19% 0.14% 0.61% 0.06% 
SOUTHEAST 
Mean Index of Rainbow Sculpin Bloater Round 
YEAR Number Fullness Alewife smelt spp. chub Go by Invertebrates Other 
1996 246 1.50% 99.88% 0.06% 0.04% -- -- -- 0.01% 
1997 130 1.54% 97.59% 0.02% 2.30% 0.08% -- -- 0.02% 
1998 207 1.40% 98.92% 0.02% 0.45% 0.25% -- 0.36% 0.00% 
1999 47 1.67% 99.71% 0.21% 0.07% 0.00% 
2000 87 1.08% 98.71% 0.07% 0.22% 0.05% 0.17% 0.72% 0.07% 
2001 30 1.28% 100.00% 
2003 25 1.39% 93.28% 2.18% 0.29% 0.06% 1.09% 3.07% 0.03% 
2004 8 1.04% 46.87% 1.03% 17.76% -- 3.29% 8.76% 22.29% 
2005 59 1.24% 1.50% 21.38% 19.58% 0.02% 49.79% 4.07% 3.66% 
SOUTHWEST 
Mean Index of Rainbow Sculpin Bloater Round 
N YEAR Number Fullness Alewife smelt spp. chub Go by Invertebrates Other )oooo4 
1995 24 1.81% 75.88% 17.73% 5.87% 0.52% 
1997 50 2.39% 96.92% 3.06% -- 0.02% -- -- 0.01% 
1998 136 1.94% 95.13% 2.43% 0.27% 2.07% -- -- 0.09% 
1999 40 1.34% 99.40% 0.03% 0.15% 0.39% -- -- 0.02% 
2000 208 1.44% 98.00% 0.56% 0.76% 0.19% -- 0.03% 0.47% 
2001 59 1.61% 99.17% -- 0.09% 0.68% -- 0.05% 0.01% 
2002 61 1.13% 99.08% 0.04% 0.08% 0.67% 0.05% 0.05% 0.03% 
2004 67 0.89% 99.42% 0.00% 0.49% 0.02% -- 0.07% 
2005 65 1.45% 99.39% 0.01% 0.05% -- 0.53% 0.03% 
Figure 2. Index of fullness values for the Northeast, East, Southeast and Southwest 
regions. Letters by graphs indicate similarities between overall fullness values 
between regions. Letters within graphs indicate similarities between years 
within regions as determined by a Univariate ANOVA using a Games-Howell 
post hoc test. 
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Figure 3: Relative proportions of important prey species in the diets of lake trout in the 
Southwest region of the lake from 1995-2005. 
24 
N 
VI 
(I) 
(,) 
c 
C'O 
t:: 
0 
a. 
E 
(I) 
> 
;..-... 
C'O-
-a::: (I)_ 
a:::~ -~ 0 
>< (I) 
"C 
c 
-
c 
(I) 
(,) 
""" (I) 
ll.. 
100% 
90% 
80% 
70% 
60% 
50% 
40% 
30% 
20% 
10% 
0% 
1995 
n=24 
1997 
n=SO 
SOUTHWEST 
1998 1999 2000 2001 
n=136 n=40 n=208 n=59 
YEAR 
2002 
n=61 
2004 
n=67 
2005 
n=65 
DOTHER 
II!ISMELT 
OJ SCULPIN 
~GOBY 
I!IINVERT 
DBLOATER 
•ALEWIFE 
Figure 4: Relative proportions of important prey species in the diets oflake trout in the 
East region ofthe lake from 1996-2005. 
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Figure 5: Relative proportions of important prey species in the diets oflake trout in the 
Southeast region of the lake from 1996-2005. 
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Figure 6: Relative proportions of important prey species in the diets of lake trout 
in the Northeast region of the lake from 1999-2005. 
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Figure 7. The original MDS ordination using PRIMER. Each sample point is one 
region, year, and lake trout size class combination. 
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Figure 8. Original MDS ordination with lake trout size classes ( <400-mm, 400-599-
mm, 600-799-mm, and >800-mm). Each sample point is one region, year, and 
lake trout size class combination. ANOSIM: p=0.064, Global R=0.038. 
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Figure 9. Original MDS ordination with regions. Each sample point is one region, year, 
and lake trout size class combination. ANOSIM: p=0.432, Global R=0.003. 
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Figure 10. Original MDS ordination with years. Each sample point is one region, 
year, and lake trout size class combination. ANOSIM: p=O.OOl, Global 
R=0.128 
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Figure 11. Original MDS ordination with region and year combinations. Each sample 
point is one region, year, and lake trout size class combination. ANOSIM: 
p=O.OOl, Global R=O.l28 
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Figure 12. Bubble plots of an MDS plot showing the %IRI at specific sites for a.) round 
goby, b.) sculpin, c.) rainbow smelt and d.) alewife. 
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DISCUSSION 
Young lake trout feed primarily on invertebrates, zooplankton, and 
phytoplankton, but an ontogenetic diet shift occurs after their first year of growth making 
them opportunistic piscivores (Madenjian et al. 1998). Due to their feeding plasticity, 
lake trout forage on multiple prey species as adults. Historically, from Maine to the Great 
Lakes, lake trout have been documented as feeding on whitefish, suckers, minnows, 
sunfish, sculpins, white and yellow perch and sticklebacks, but in areas where alewife 
and rainbow smelt have been introduced, lake trout seem to feed primarily on these 
abundant prey items (Johnson 2001, Van Oosten and Deason 1938). This preference is 
thought to result, in part, from the ease of prey capture of these introduced prey species. 
My findings, based on overall composition of prey species in lake trout diets, are 
consistent with findings for lake trout diets in the Great Lakes over the last 100 years, 
however variations in relative abundance of prey species in lake trout diets has occurred. 
Lake trout diets in recent years (2004 and 2005) in the Southeast and East regions of 
Lake Michigan have shifted from a prey composition consisting of primarily deepwater 
species such as bloater chubs, rainbow smelt and alewife to one incorporating more near-
shore species like shiners, slimy sculpin and round gobies. 
Feeding intensity 
Overall indices of fullness, as revealed by a Univariate ANOV A, showed high 
homogeneity for most years and regions, however some regional and yearly differences 
did exist. The East and Southwest regions differed overall in their fullness values, 
suggesting that feeding intensities were different between the two regions. The Southwest 
had a greater overall feeding intensity, indicating that prey species may be more readily 
44 
available and at higher abundances for lake trout to consume in this area. The East region 
was flashier in feeding intensity, which may be an indication of greater fluctuations in the 
prey base of the East region. Within region comparisons demonstrated that all regions, 
excluding the Southeast, showed yearly variation in fullness values for the 1 0-year 
period. Differences between years within a region may indicate changes in the 
abundance of prey items within that region. The lack of difference among years within 
the Southeast region may indicate constant prey abundance in the region. Even though 
traditional prey species may be declining in the Southwest region, there are still a large 
number of other prey items available for consumption that lake trout are utilizing, 
allowing feeding intensity to stay constant even though diet composition has changed. 
Changes in lake trout diet 
Since being introduced into Lake Michigan in the 1940's and 50's, alewife have 
continued to contribute significantly to the prey base and diets of lake trout (Stewart and 
Ibarra 1991, Elliot et al. 1996, Madenjian et al. 2005). In all areas of the lake prior to 
2004, the percent Index of Relative Importance (%IR1) values of alewife in lake trout 
diets were over 90% for this study. General trends in %IR1 values for this study were 
similar to historical estimates of lake trout diet, where alewives were the major prey item 
(Elliot et al. 1996). My study shows alewives comprising up to 100% of lake trout diets 
for extended periods of time over the course often years of sampling in all regions of the 
lake. 
However, by the start of 2004, the East and Southeast regions of the lake 
experienced declines in the %IR1 of alewife in lake trout diets. These differences had not 
been observed since the 1960's when the declining alewife populations led to a reduction 
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of alewife abundance in lake trout diets (Christie 1974). The results of the 
Multidimensional scaling ordination (MDS) and subsequent Analyses of Similarity 
(ANOSIM) also revealed 2004 and 2005 %IRis in the East and Southeast regions to be 
significantly different from all other year/region combinations. The decline in alewife in 
2004 and 2005 was most pronounced in the Southeast region of the lake where the 
importance of alewife in lake trout diets dropped to 46.9% in 2004 and to 1.5% IRI by 
2005. Estimates of alewife abundance in near-shore areas of Lake Michigan lend support 
to the observed diet data (Madenjian et al. 2005). Between 2003 and 2004, alewife 
densities dropped nearly 70% and have not been at this low of abundance since the years 
of 1984, 1985 and 1994 (Madenjian et al. 2005). This decrease in alewife abundances 
has been linked to the increase in Chinook salmon, the top predator of alewife, in Lake 
Michigan (Madenjian et al. 2005). Because alewife currently are at much lower 
abundances than in previous years of lake trout sampling, lake trout may have begun 
incorporating less traditional species into their diets. A similar trend was observed when 
coregonids were the decreasing prey species in Lake Michigan in the mid-1900's. During 
this time the invasive alewife and rainbow smelt entered Lake Michigan and lake trout 
diets rapidly switched from consisting of multiple deepwater coregonids to almost 
completely rainbow smelt, and then alewife (Christie 197 4, Smith 1968, 1970). 
Even though the exact prey base data is not available for specific sampling 
regions to perform selectivity analyses for lake trout in Lake Michigan, some 
assumptions can be made about the decisions made by lake trout as the forage base 
evolves. For example, salmon and trout tend to be highly plastic in their ability to switch 
food types and survive, but there are factors that make some prey easier to capture than 
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others. This ability to easily switch prey species can be observed in hatchery reared trout 
and salmon fed on pellets. These fish showed the ability that switch to natural lake prey 
species almost immediately even though they have never before been exposed to these 
species (Savino et al. 1993). Furthermore, it has been proposed throughout the 1900's 
that the alewife population in Lake Michigan has been in decline due to the increasing 
stocking of salmonids in the lake (Miller and Holey 1992, Stewart and Ibarra 1991, Smith 
1968). In the early 1990's, Miller and Holey (1992) conducted a study on the western 
shore of Lake Michigan and concluded that lake trout were able to feed on alternative 
prey species during times of low alewife abundance in the lake. This seems to show that 
lake trout are very suited for the constantly changing prey base of Lake Michigan. Thus, I 
would expect lake trout to be able to change prey species utilized in their diet as needed 
based on availability. From my data, I was able to document a shift in prey utilization 
with abundance. The shift observed in my study showed that as alewife %IRI values 
decrease from over 90%, in all regions, to values below 50% by 2005 closest to the area 
of round goby invasion in Michigan waters (Southeast and East regions) other prey 
species, specifically round gobies and sculpin, continued to increase in %IRI values 
through 2005. In addition, when alewife were not the primary food source oflake trout, 
the BVSTEP routine revealed that sculpin, round goby, and rainbow smelt made 
significant contributions to lake trout diets during 2004 and 2005 in the East and 
Southeast, highlighting the shift of lake trout diets to other prey items. 
These finding correspond with data collected in my study, during the spring of 
2004 and 2005, from lake trout in the Southeast and East regions of the lake. These data 
showed a shift of lake trout diets to incorporate other, less traditional near-shore prey 
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species such as the round go by in the decline or absence of alewife. Thus round gobies 
and other species may be filling a void left by a possible declining alewife population in 
Lake Michigan. 
Round Gobies in Lake Trout Diets 
With the reduction of alewife in lake trout diets in the southern portion of the 
lake, round goby and other near-shore species began showing up in larger proportions in 
lake trout stomachs. Round gobies were introduced into Lake Michigan via freighters 
entering through the W elland Canal from the Ponto-Caspian region over 15 years ago 
(Charlebois et al. 1997). Since this time, gobies have been assessed on multiple levels in 
the Great Lakes, including their impacts on similar sized species such as sculpin 
(Charlebois et al. 1997), their foraging capabilities on such things as lake trout eggs 
(Chotkowski and Marsden 1999), and even their movement patterns (Jude et al.1995). 
However, their incorporation into the diets of various prey species, including lake trout 
had not been documented previously. 
Even though round gobies were established in the southern portion of Lake 
Michigan in 1994, it took nearly six years for them to be incorporated, even at low 
abundances, into lake trout diets. This delay in round goby integration into the diets of 
lake trout may have been for various reasons. First, gobies could have been at 
insignificant abundances in the lake, therefore limiting their chances of being detected by 
prey and subsequently, incorporated into lake trout diets (Lucas, 1983). However, as the 
numbers of round gobies increase in Lake Michigan this allows for greater detection 
potential, and, by chance alone, one would expect lake trout in the areas with the largest 
abundances of gobies to begin utilizing gobies more readily as a prey species (Lucas 
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1983). This prediction holds true for the Southeast and East regions of Lake Michigan 
where round gobies were first detected in significant abundances. In these regions IRI 
values for round gobies increased to 10% and 50%, respectively during the study period. 
Round gobies would be expected to be in the greatest abundances nearest the area 
of invasion, since these areas have had the longest period of time to establish a 
population. Thus, it would be expected that incorporation of round gobies into lake trout 
diets should occur first near the invasion areas and dissipated with distance from the 
initial site of establishment. The Southwest region of the lake, where round gobies were 
first observed in 1994, should have the highest density of round gobies, since it has had 
the longest time period to establish a population. Lake trout from this region should have 
diets in which the round goby plays a significant role as a prey item because it should 
have the highest density of gobies, and therefore would have the largest importance in the 
diets of lake trout. However, in this region the anticipated I increase in round gobies was 
not observed as expected at the site of invasion. What were observed for the area were 
alewife %IRI values, which remained consistent near 99%, while round goby IRI values 
never exceeded 0.5%, even in 2004 and 2005. This lack of round gobies in the Southwest 
region is similar to Mandenjian et al. (2005) findings which reported round gobies in low 
abundances in this area as determined by trawling surveys conducted in 2004. 
This lack of observance of gobies in lake trout diets in the Southwest region of the 
lake could be due to their natural history. Round gobies prefer substrate that consists of 
coarse gravel that is conducive for spawning. They also prefer areas inhabited by 
Dreissena mussels their major food item (Ray and Corkum 2001). The Southwest area of 
Lake Michigan near Chicago and Waukegan tends to have a sandy bottom creating a lack 
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of suitable goby spawning substrate with limited numbers ofDreissena mussels. This 
lack of suitable habitat in the Southwest region may be limiting the expansion of go by 
and preventing gobies from becoming a major prey item for lake trout. Alternatively, 
abundances of other prey species in the lake may not have decreased to levels where-by 
lake trout would experience an energetic benefit from switching to round gobies or at 
least begin to incorporate them into their diet. Madenjian et al. (2005) estimated lake-
wide adult alewife and rainbow smelt population densities, and showed declines in both 
abundance and density to levels not previously observed. However, these levels may be 
varied by region and may not be low enough to facilitate a diet shift. The third possibility 
is a combination of the two. Gobies may be at relatively low abundances throughout the 
lake, and the traditional near shore prey base in Lake Michigan may be at high enough 
abundances that lake trout need not select various other prey species in addition to their 
historically traditional prey (Hughes 1979, Pyke 1984). Madenjian et al. (2005) reported 
an abundance of round gobies in Lake Michigan bottom trawl surveys conducted for prey 
fish populations in this Southeast area in 2003 and 2004 as well as a dramatic decline in 
most recent years of traditional prey fish species such as alewife, and rainbow smelt 
(Madenjian et al. 2005). Iftraditional prey species have now declined to densities lower 
than have been observed in the last 10 years, but there are other prey items in high 
densities, such as round gobies, incorporation of those more abundant species should 
occur. 
Furthermore, lake trout are visual, opportunistic feeders, which may require time 
to require time to develop a search image. If a species has not encountered a prey item 
before, they are less likely to recognize it as suitable prey and know how to handle it as 
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such (Reiriz et al. 1998). However, with each subsequent encounter there becomes a 
greater chance of eating the prey item. Learning can improve a predator's ability to 
recognize prey, improve attack abilities, and improve handling efficiency (Reiriz et 
al.1998). In one study conducted on hatchery and feral lake trout, previous experience 
with live food under natural conditions was the most important component of all young 
lake trout's feeding behavior (Savino et al. 1993). This is observed in the amount of 
round gobies that were found in lake trout diets over time, especially in the Southeast 
region of Lake Michigan, where round gobies went from 1% (IRI) in 2003, 3% (IRI) in 
2004, and 50% (IRI) in 2005. 
Outcomes of a Changing Diet 
There are multiple possible outcomes to lake trout feeding on alternative prey 
species and lessening their foraging on alewife. The first of those outcomes may be a 
change in the amount of energy available to lake trout. The shift in the composition of 
prey items in the diets of lake trout observed in these data shows other species replacing 
the traditional prey species in the diet when traditional prey items, such as alewife, 
decline in abundance. The decline in alewife %IRI was coupled with an increase in 
rainbow smelt (to 21.4%), sculpin (to 19.6%), round gobies (49.8%) and other, more near 
shore species such as shiners (to 3. 7%) and invertebrates ( 4.1% ). However, this observed 
switch in prey species does not seem to cause an energy deficiency for lake trout. Overall 
energy density of adult alewife and adult round gobies are very similar. Even though 
alewife show seasonal variations in energy content, they range in energy density from 
4312 Jig to 5665 Jig for the months of April and May (Madenjian et al. 2006), when lake 
trout were collected, while recent round goby energy density measurements have been 
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recorded at approximately 4,600 Jig (Lee and Johnson 2005). Therefore, lack of alewife 
and the increase in other prey species in diets of lake trout in the East and Southeast 
regions of Lake Michigan should have no effect on the lake trout condition factor, as long 
as the new prey species does not require more energy to incorporate into the diet. 
Another outcome of lake trout changing their diet from one of alewife and 
rainbow smelt to one of near-shore species and round go by may be positive. Traditional 
prey fish species of lake trout, such as alewife and rainbow smelt, have high thiaminase 
activity, which may be the key causative factors of thiamine deficiency in salmonids in 
the Great Lakes (Tillitt et al2005). Thiamine (vitamin B1) deficiency in lake trout eggs 
causes Early Mortality Syndrome (EMS) (Honeyfield et al. 2005). EMS causes death 
between birth and the first feeding of fry of lake trout and other salmonids (Fitzsimons et 
al. 1999). By decreasing the amount of alewife and rainbow smelt in the diet and 
subsequently increasing species containing low thiaminase, which has happened in the 
East and Southeast regions of Lake Michigan in 2004 and 2005, lake trout may actually 
decrease their intake of thiaminase, and concurrently decrease the occurrence of EMS in 
fry. A decrease in thiaminase activity and EMS could, potentially facilitate lake trout 
reproduction in the Great Lakes since managers may be able to target areas for stocking 
where round gobies and other species are in high abundance in the lake. Thus, decreasing 
traditional prey species and incorporating more inshore species could be beneficial to 
establishing naturally reproducing populations of lake trout in Lake Michigan. 
Finally, a negative outcome of incorporating round gobies into lake trout diets 
also exists. With the increase in round gobies in lake trout diets observed in 2004 and 
2005, there was also a large increase in invertebrates, primarily Dreissena mussels in lake 
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trout diets to almost 9%. This recent increase in mussels in the diet may be due to the fact 
that adult round gobies primary food source are Dreissena mussels, which are filter 
feeders, that have been shown to contain some high levels of heavy metals, such as 
mercury, in the lake (Lee and Johnson 2005). By consuming round gobies, and 
consequently more mussels, these metals could bioaccumulate in lake trout to levels not 
previously detected in Lake Michigan lake trout. The impacts of this biomagnification or 
bioaccumulation not only would be observed in the lake trout populations, but also may 
prove detrimental to the sport fishery of Lake Michigan due to possible human 
consumption restrictions (Vander Zan den and Rasmussen 1996). 
Management implications 
Changes in the prey fish community have had and will continue to have profound 
effects on the diets of lake trout. These initial observations provide baseline measures 
regarding forage shifts that have occurred in recent years. Subsequent diet observations 
combined with bioenergetics modeling will allow managers to determine the influences 
of diet shifts on growth and survival of lake trout populations in Lake Michigan. Also, 
estimates of diet overlap with co-occurring species such as burbot (Lata iota), and 
Chinook (Oncorhynchus tshawytshaw) and Coho (Oncorhynchus kisutch) salmon may 
provide a valuable estimate of the strength and sustainability of the Lake Michigan prey 
base. In order to properly manage lake trout populations, this information on lake trout 
diets should continue to be collected as the prey base of Lake Michigan continues to 
change. 
These recent alterations in the predator-prey base of Lake Michigan are not 
without consequences including energy limitations in the prey base, biomagnification of 
53 
heavy metals, and changes to management schemes. Diet changes are an important 
element of management schemes for the Great Lakes (Jude et al. 1987). By studying diet 
dynamics of Lake Michigan fish, I can provide useful information for those managing the 
over 1 0-million fry and fingerlings stocked into Lake Michigan annually as well as the 
entire predator-prey base of Lake Michigan (Stewart and Ibarra 1991 ). Here, I have 
documented the successional incorporation of the round go by into the diets of lake trout, 
and compared the round goby proportions in lake trout diets to those of other prey species 
and provide some insight into the ramifications of incorporating a new invasive species 
into lake trout diets. Thus to incorporate the "big picture" into management decisions for 
the Lake Michigan fishery, managers should combine diet data with prey base data, 
toxicology data and predator abundance estimates. 
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